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(57) Abstract 

Output power control in burst transmitters that comprise a power amplifier stage the gain of which varies according to a power control 
signal (PCS), an output signal sensing circuit (PS), a detector (DET) that generates a DC voltage signal proportional to the level of the 
sensed signal and a comparator (COMP) to generate the power control signal (PCS) in proportion to the difference between the DC voltage 
coming from the detector (DET) and a reference voltage (Vref). The power control signal (PCS) is sampled in a sample-and-hold circuit 
(SHC) using the active edges of a clock signal (CS), these occurring only at the moments when there are signal bursts to be transmitted 
and at a time subsequent to the start of each burst greater than the duration of the transient of the DC analogue voltage signal at the output 
of the detector. 
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OUTPUT POWER CONTROL IN BURST TRANSMITTERS 
OBJECT OF THE INVENTION 

This invention concerns power transmitters for radiofrequency 
signals in which the signal to be transmitted consists of bursts, 
5 consequently there are many periods when this signal is zero. 

The power control presented here permits the mean power of the 
output signal to be kept constant and controlled during the bursts, 
irrespective of the relationship between the periods of burst transmission 
and the periods between bursts when the signal is zero. 
10 BACKGROUND OF THE INVENTION 

The need to maintain the output signal power steady from power 
amplifiers in radiofrequency transmitters, means these transmitters must 
incorporate some control mechanism which ensures this requirement 
irrespective of such major factors such as input signal power, power 
15 amplifiers gain, variations in this gain with temperature, ageing, etc. 

This control is normally achieved by means of a power feedback 
loop. This loop is based on detecting the output power of the final power 
amplifier, obtaining a signal proportional to this output power for comparison 
with a stable reference in a differential amplifier, the output of which 
20 generates a power control signal which is used to modify the gain in one of 
the amplifier stages. 

In this way a potential increase in output power is converted into a 
decrease in the amplifier gain, offsetting the increase mentioned and 
thereby maintaining the output power constant. 
25 An example of the foregoing can be seen in the European patent 

application EP 0462773. 

The output power detector is usually a directional coupler with a load 
resistor and a rectifier. Afterwards there is a lowpass filter with a fairly 
narrow bandwidth such that the value obtained at its output does not 
1 30 fluctuate and therefore does not introduce amplitude modulation in the 

output signal. 

Moreover, in burst transmitters, the preceding principle is not 
applicable as such because the reading would be in error through 
calculating the mean value of output power taking into consideration the 
35 zero signal periods and would be further impaired when the system permits, 
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according to the level of occupancy of the channels, the omission of bursts 

in the frame formed by the burst assembly. 

The patent application mentioned above proposes a solution to this 

problem by applying to one of the differential amplifier inputs, instead of a 
5 fixed reference voltage, a pulse signal which takes a determined steady 

value during the periods of transmission of each burst and a zero or very 

low value for the rest. 

Nevertheless this alternative does not overcome the problem arising 

particularly when the gain of the differential amplifier is very large, since any 
10 voltage offset in the amplifier or detector, no matter how small, would 

saturate the differential amplifier, causing the power amplifier to adopt one 

of its extreme positions (maximum gain or minimum gain) in the absence of 

an input signal. This would result in a transient in the output signal power at 

the start of each burst until the loop could force the power amplifier to its 
1 5 equilibrium working point. How long this transient is, would depend on the 

bandwidth of the lowpass filter of the output power detector, among other 

things. 

During this transient period, the output signal would therefore suffer 
amplitude modulation, which has a very harmful effect on the 

20 communications established. 

CHARACTERISATION OF THE INVENTION 

This invention is intended for overcoming the drawbacks mentioned 
above in burst transmitters, the latter comprising a power amplifier stage 
whose gain is varied in accordance with a power control signal, means for 

25 sensing the output signal, a detector that produces a DC voltage signal 
proportional to the level of the sensed signal and a differential amplifier to 
generate the power control signal in proportion to the difference between 
the DC voltage from the detector and a reference voltage. 

The power control signal mentioned is sampled in a sampie-and-hold 

30 circuit using the active edges of a clock signal, these occurring only at the 
instants when there are burst signals to be transmitted and at a time 
subsequent to the start of each burst greater than the duration of the 
transient of the DC analogue voltage signal at the output of the detector. 
BRIEF FOOTNOTES TO THE FIGURES 

35 A fuller explanation of the invention can be found in the following 
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description of a preferred implementation based on the figures attached, in 
which: 

- figure 1 shows a block diagram of an output power control circuit in 
accordance with the state of the art, 

5 - figure 2 is the output power control circuit according to the 

invention, 

- figure 3 shows a circuit like the previous one but in which the 
attenuator employed is of the digital type, and 

- figure 4 shows time domain diagrams of various signals at points in 
10 the power control feedback loop. 

DESCRIPTION OF ONE WAY OF IMPLEMENTING THE INVENTION 

Below is given a description of an implementation of the power 
control circuit that makes use of the principle according to the invention 
object of this patent. 

15 The output power control is based on a known technique that is 

represented by the block diagram as shown in figure 1 . 

Thus, there is a power amplification stage PAS, of variable gain, 
which receives an input signal Is and which boosts the power of the output 
signal Os by a determined factor termed the power gain. 

20 A small sample of this output signal Os is taken by means of an 

output signal sensing circuit PS, which is applied to a power detector DET 
which, in turn, produces a baseband signal proportional to the mean power 
of the output signal Os, whereby this baseband signal can be subsequently 
used to perform control of the power in the output signal Os by means of a 

25 feedback process. 

The output signal from the detector DET is applied to one of the 
inputs of a comparator COMP which receives, through its other input, a 
reference voltage Vref, the output signal from this comparator COMP being 
proportional to the difference between the two input signals, that coming 

30 from the detector DET and the reference voltage Vref. 

This output signal from the comparator COMP is a power control 
signal PCS that is applied to the power amplifier stage PAS to vary its gain 
such that, by means of the feedback loop so formed, an increase in the 
mean power of the output signal Os results in a decrease in the gain of the 

35 preceding power amplifier stage PAS and, through this, a decrease in the 



WO 97/05697 



PCT/EP96/03313 



power of the output signal that offsets the initial increment. 

As a consequence of this, a balanced control of the output signal Os 
of the power amplifier is achieved against possible variations in or 
tolerances of the components and signals existing in the assembly. 
5 When the signal that is applied to the power amplifier stage PAS is 

not steady but, as is shown in figure 4. a, formed by bursts, its mean power 
has to be calculated by means of lowpass filtering with a very narrow 
bandwidth and a very large time constant since, otherwise, amplitude 
modulation would be introduced in the output signal, which is extremely 
10 harmful. Figure 4.b shows the waveform of the power signal detected in a 
situation where the time constant of the lowpass filter of the detector is not 
very large. 

When the lowpass filtering is done with a very large time constant, 
the output signal from the detector is practically a continuous signal, thereby 

15 avoiding the amplitude modulation of the output signal from the amplifier; 
nevertheless, this mean value of the detected output power is not correct 
since it does not depend only on the mean power of the bursts, but also on 
the actual presence of these bursts. Thus, the output of each burst is not 
constant but depends on the occupancy level, or number of bursts present, 

20 in the transmitted frames. 

Figure 2 shows the solution proposed by this invention in order to 
make the power control independent of the level of occupancy of the 
frames. In this power control, the power amplifier stage is formed by a non- 
linear power amplifier PA of fixed gain, preceded by a variable attenuator 

25 VA such that the overall gain of the assembly is also variable. 

The variable attenuator VA offers an attenuation that depends on the 
value of the power control signal PCS, it being approximately proportional to 
this value. This attenuator consists of a PIN type diode connected between 
the signal line and ground, such that it presents a resistance to ground that 

30 depends on its bias voltage. The greater the forward bias voltage, the less 
the resistance presented to ground is and, consequently, the greater the 
attenuation presented to the signal being transmitted along the line is. 

The power sensing circuit PS is formed by a two-line microstrip 
directional coupler. The coupling loss of this device is, for the present case, 

35 30 dB and it is loaded with a resistance R1 of 50 £1 
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To the other extremity is connected the detector DET; at its input this 
has a highpass filter C1, R2 with a cutoff frequency below the working 
frequency of the amplifier. Afterwards there is a detecting diode D and a 
iowpass filter C2, R3, the time constant of which is about ten times less than 
5 the duration of the bursts. 

The output signal from this detector DET is applied to the inverting 
input of the comparator COMP, the non-inverting input being connected to 
the reference voltage Vref. The output signal from this comparator COMP 
takes a value of 5 V, or logical 1 , when the output signal of the detector is 
10 less than the reference voltage, it being 0 V, or logical 0 t otherwise. 

The output signal of the aforementioned comparator COMP is 
applied to a sample-and-hold circuit SHC which, in this case, is formed by a 
digital up/down counter UDC and a digital-to-analogue converter DAC. 

The digital up/down counter UDC receives, as a clock signal, a 
15 control signal CS consisting of pulses, the presence of which corresponds 
to the appearance of transmitted bursts and the width of which is equal to 
one half of burst duration. Thus, the falling edge of these pulses which is 
considered to be the clock active edge, coincides with the centre of each 
burst. 

20 This digital up/down counter UDC also receives the output signal 

from the comparator COMP at its up/down count input. In this way the count 
value stored in it is increased by one unit when an active clock pulse edge 
appears, that is, in the centre of each burst, and, in addition, the output 
voltage of the detector DET is greater than the reference voltage Vref; 

25 otherwise there is a decrease. 

The outputs of this up/down counter UDC are applied to the digital- 
to-analogue converter DAC where an output voltage is produced that is 
proportional to the value stored in the up/down counter UDC mentioned and 
which is termed the power control signal PCS, as already stated. 

30 This power control signal PCS is applied to the control input of the 

variable attenuator VA, which offers an attenuation in the incoming signal 
path which becomes greater as the power control signal increases. 

When use is made of a digitally controlled variable attenuator, then 
there is no need for a digital-to-analogue converter, as is shown in figure 3, 

35 and the digital output of the up/down counter UDC is applied directly to the 
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attenuator VA mentioned. 

In this way, the power control loop permits true control of the mean 
transmitted power calculated in each burst, irrespective of the appearance 
or not of a given burst without this affecting the mean value mentioned. This 
5 also permits the filter employed for calculating the mean value of the 
transmitted power to have a much faster response, as can be seen in figure 
4.c f and the control to be active for a very short time. 

When the loop is balanced, the output of the comparator COMP 
takes the values of logical 1 and 0 alternatively, which makes the power 
10 control signal PCS oscillate between two values, as can be seen from figure 
4.d, the proximity of these two values becoming greater as the number of 
bits employed by the digital up/down counter UDC and by the digital-to- 
analogue converter DAC becomes greater. 

This last situation can be avoided by making the digital-to-analogue 
15 converter DAC not use the two bits of least weight from the counter. 

A very large number of bits in the digital-to-analogue converter DAC 
permits the power of the output signal to be kept within a very narrow range, 
though it implies that the initial system response is very slow; this can be 
improved if the initial value of the counter is pre-established in accordance 
20 with calculations made which depend on the rest of the parameters of the 
loop. 
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CLAIMS 

1. - OUTPUT POWER CONTROL CIRCUIT FOR BURST 
TRANSMITTERS that comprise a power amplifier stage (PAS) the gain of 
which varies according to a power control signal (PCS), an output signal 

5 sensing circuit (PS), a detector (DET) that generates a DC voltage signal 
proportional to the level of the sensed signal and a comparator (COMP) to 
generate the power control signal (PCS) in proportion to the difference 
between the DC voltage coming from the detector (DET) and a reference 
voltage (Vref) characterised in that it also comprises a sample-and-hold 

10 circuit (SHC) which receives a clock signal (CS) and which samples the 
power control signal (PCS) only at the moments when there are signal 
bursts to be transmitted. 

2. - OUTPUT POWER CONTROL CIRCUIT according to claim 1, 
characterised in that the sampling of the power control signal is realized at 

15 a time subsequent to the start of each burst greater than the duration of the 
transient of the DC analogue voltage signal at the output of the detector 
(DET). 

3. - OUTPUT POWER CONTROL CIRCUIT according to claim 1, 
characterised in that the sample-and-hold circuit (SHC) comprises: 

20 - a digital up/down counter (UDC) which receives the clock signal 

(CS) and to which is applied as the up/down count control signal (U/D) the 
output signal from the comparator (COMP), and 

- a digital-to-analogue converter (DAC) which receives the output of 
the digital counter (UDC) and whose analogue output signal is applied to 

25 the variable power amplifier stage as the power control signal (PCS). 

4. - OUTPUT POWER CONTROL CIRCUIT according to claim 3 
characterised in that the power amplifier stage (PAS) comprises a power 
amplifier (PA) preceded by a variable attenuator (VA), the attenuation of 
which varies in accordance with the power control signal (PCS). 

30 5.- OUTPUT POWER CONTROL CIRCUIT according to claim 4 

characterised in that the variable attenuator (VA) is digitally controlled and 
directly receives the output signal from the digital up/down counter (UDC), 
there being no need to use a digital-to-analogue converter. 

6.- OUTPUT POWER CONTROL METHOD FOR BURST 

35 TRANSMITTERS characterised in that it comprises the stages of: 
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- extraction of a small part of the transmitter output signal, 

- detection of the mean power of this extracted signal, 

- comparison of the detected mean power with a reference signal, 

- sampling and holding, with a clock signal, of the value of the 
5 comparison previously performed, and 

- variation in the gain of the amplifier stage of the main signal in 
accordance with the value of the signal coming from the preceding sample- 
and-hold process. 
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Fig. 2 
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Fig. 4 
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